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1
METHODS AND APPARATUSES FOR
CONTEXT DETERMINATION

TECHNOLOGICAL FIELD

Embodiments of the present invention relate generally to
context sensing technology and, more particularly, relate to
methods and apparatuses for context determination.

BACKGROUND

The modern computing era has brought about a tremen-
dous expansion in computing power as well as increased
affordability of computing devices. This expansion in com-
puting power has led to a reduction in the size of computing
devices and given rise to a new generation of mobile devices
that are capable of performing functionality that only a few
years ago required processing power provided only by the
most advanced desktop computers. Consequently, mobile
computing devices having a small form factor have become
ubiquitous and are used for execution of a wide range of
applications.

The widespread adoption of mobile computing devices and
expanding capabilities of the wireless networks over which
they may communicate has further fueled expansion in the
functionalities provided by mobile computing devices. In
addition to providing telecommunications services, many
mobile computing devices now provide functionalities such
as navigation services, camera and video capturing capabili-
ties, digital music and video playback, and web browsing.
Some of the expanded functionalities and applications pro-
vided by modern mobile computing devices allow capture of
user context information, which may be leveraged by appli-
cations to provide value-added context-based services to
users. In this regard, mobile computing devices may imple-
ment applications that provide adaptive services responsive to
a user’s current context, such as an environmental context
describing an environment in which the user is located or an
activity context describing an activity in which the user is
engaged.

BRIEF SUMMARY

Methods, apparatuses, and computer program products are
herein provided for context determination. Methods, appara-
tuses, and computer program products in accordance with
various embodiments may provide several advantages to
computing devices, computing device users, application pro-
grammers, and service providers. Some example embodi-
ments provide for prediction of a context based at least in part
on historically observed context data. In this regard, some
example embodiments utilize historically observed context
data to determine a set of one or more location clusters com-
prising grouped location identifiers and related context labels
corresponding to contexts observed at locations identified by
the location identifiers. These location clusters may be used to
predict a present context of an apparatus based at least in part
on a present location of the apparatus. Some example
embodiments utilize a predicted context to augment a sensed
context determined based on sensory data. In this regard,
some example embodiments may provide for more accurate
context determination by combining a probability of a pre-
dicted context(s) and a probability of a sensed context(s) to
determine a most likely context. Accordingly, applications
and services may have access to context data determined with
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a greater degree of probability and users may be provided
with context-based services that may more accurately reflect
the user’s present context.

In a first example embodiment, a method is provided,
which comprises determining a location identifier. The loca-
tion identifier of this example embodiment is indicative of a
location of'an apparatus. The method of this example embodi-
ment further comprises determining a location cluster based
at least in part on the location identifier. The method of this
example embodiment additionally comprises determining a
first probability for each of one or more contexts based at least
in part on the determined location cluster. The method of this
example embodiment also comprises determining a context
of the apparatus based at least in part on the determined first
probability.

In another example embodiment, an apparatus comprising
at least one processor and at least one memory storing com-
puter program code is provided. The at least one memory and
stored computer program code are configured, with the at
least one processor, to cause the apparatus of this example
embodiment to at least determine a location identifier. The
location identifier of this example embodiment is indicative
of a location of an apparatus. The at least one memory and
stored computer program code are configured, with the at
least one processor, to further cause the apparatus of this
example embodiment to determine a location cluster based at
least in part on the location identifier. The at least one memory
and stored computer program code are configured, with the at
least one processor, to additionally cause the apparatus of this
example embodiment to determine a first probability for each
of one or more contexts based at least in part on the deter-
mined location cluster. The at least one memory and stored
computer program code are configured, with the at least one
processor, to also cause the apparatus of this example
embodiment to determine a context of the apparatus based at
least in part on the determined first probability.

In another example embodiment, a computer program
product is provided. The computer program product of this
example embodiment includes at least one computer-read-
able storage medium having computer-readable program
instructions stored therein. The program instructions of this
example embodiment comprise program instructions config-
ured to determine a location identifier. The location identifier
of' this example embodiment is indicative of a location of an
apparatus. The program instructions of this example embodi-
ment further comprise program instructions configured to
determine a location cluster based at least in part on the
location identifier. The program instructions of this example
embodiment also comprise program instructions configured
to determine a first probability for each of one or more con-
texts based at least in part on the determined location cluster.
The program instructions of this example embodiment addi-
tionally comprise program instructions configured to deter-
mine a context of the apparatus based at least in part on the
determined first probability.

In another example embodiment, an apparatus is provided
that comprises means for determining a location identifier.
The location identifier of this example embodiment is indica-
tive of a location of an apparatus. The apparatus of this
example embodiment further comprises means for determin-
ing a location cluster based at least in part on the location
identifier. The apparatus of this example embodiment addi-
tionally comprises means for determining a first probability
for each of one or more contexts based at least in part on the
determined location cluster. The apparatus of this example
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embodiment also comprises means for determining a context
of the apparatus based at least in part on the determined first
probability.

The above summary is provided merely for purposes of
summarizing some example embodiments of the invention so
as to provide a basic understanding of some aspects of the
invention. Accordingly, it will be appreciated that the above
described example embodiments are merely examples and
should not be construed to narrow the scope or spirit of the
invention in any way. It will be appreciated that the scope of
the invention encompasses many potential embodiments,
some of which will be further described below, in addition to
those here summarized.

BRIEF DESCRIPTION OF THE DRAWING(S)

Having thus described embodiments of the invention in
general terms, reference will now be made to the accompa-
nying drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 illustrates a block diagram of a context-aware appa-
ratus for context determination according to an example
embodiment;

FIG. 2 is a schematic block diagram of a mobile terminal
according to an example embodiment;

FIG. 3 illustrates context determination according to an
example embodiment;

FIG. 4 illustrates a flowchart according to an example
method for context determination according to an example
embodiment;

FIG. 5 illustrates a flowchart according to an example
method for context determination according to an example
embodiment;

FIG. 6 illustrates a flowchart according to an example
method for context determination according to an example
embodiment; and

FIG. 7 illustrates a flowchart according to an example
method for location cluster training according to an example
embodiment.

DETAILED DESCRIPTION

Some embodiments of the present invention will now be
described more fully hereinafter with reference to the accom-
panying drawings, in which some, but not all embodiments of
the invention are shown. Indeed, the invention may be embod-
ied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy
applicable legal requirements. [ike reference numerals refer
to like elements throughout.

As used herein, the terms “data,” “content,” “information”
and similar terms may be used interchangeably to refer to data
capable of being transmitted, received, displayed and/or
stored in accordance with various example embodiments.
Thus, use of any such terms should not be taken to limit the
spiritand scope of the disclosure. Further, where a computing
device is described herein to receive data from another com-
puting device, it will be appreciated that the data may be
received directly from the another computing device or may
be received indirectly via one or more intermediary comput-
ing devices, such as, for example, one or more servers, relays,
routers, network access points, base stations, and/or the like.

The term “computer-readable medium” as used herein
refers to any medium configured to participate in providing
information to a processor, including instructions for execu-
tion. Such a medium may take many forms, including, but not
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limited to a non-transitory computer-readable storage
medium (e.g., non-volatile media, volatile media), and trans-
mission media. Transmission media include, for example,
coaxial cables, copper wire, fiber optic cables, and carrier
waves that travel through space without wires or cables, such
as acoustic waves and electromagnetic waves, including
radio, optical and infrared waves. Signals include man-made
transient variations in amplitude, frequency, phase, polariza-
tion or other physical properties transmitted through the
transmission media. Examples of computer-readable media
include a floppy disk, a flexible disk, hard disk, magnetic tape,
any other magnetic medium, a compact disc read only
memory (CD-ROM), compact disc compact disc-rewritable
(CD-RW), digital versatile disc (DVD), Blu-Ray, any other
optical medium, punch cards, paper tape, optical mark sheets,
any other physical medium with patterns of holes or other
optically recognizable indicia, a random access memory
(RAM), a programmable read only memory (PROM), an
erasable programmable read only memory (EPROM), a
FLASH-EPROM, any other memory chip or cartridge, a car-
rier wave, or any other medium from which a computer can
read. The term computer-readable storage medium is used
herein to refer to any computer-readable medium except
transmission media. However, it will be appreciated that
where embodiments are described to use acomputer-readable
storage medium, other types of computer-readable mediums
may be substituted for or used in addition to the computer-
readable storage medium in alternative embodiments.

Additionally, as used herein, the term ‘circuitry’ refers to
(a) hardware-only circuit implementations (e.g., implemen-
tations in analog circuitry and/or digital circuitry); (b) com-
binations of circuits and computer program product(s) com-
prising software and/or firmware instructions stored on one or
more computer readable memories that work together to
cause an apparatus to perform one or more functions
described herein; and (c¢) circuits, such as, for example, a
microprocessor(s) or a portion of a microprocessor(s), that
require software or firmware for operation even if the soft-
ware or firmware is not physically present. This definition of
‘circuitry”’ applies to all uses of this term herein, including in
any claims. As a further example, as used herein, the term
‘circuitry’ also includes an implementation comprising one or
more processors and/or portion(s) thereof and accompanying
software and/or firmware. As another example, the term ‘cir-
cuitry’ as used herein also includes, for example, a baseband
integrated circuit or applications processor integrated circuit
for a mobile phone or a similar integrated circuit in a server,
a cellular network device, other network device, and/or other
computing device.

Some example embodiments disclosed herein below pro-
vide for context determination. In this regard, some example
embodiments may predict context using location dependent
context label distributions is presented. In some example
embodiments, observed context information, such as envi-
ronments a user visits and activities the user is performing in
certain locations, may be collected. This collected histori-
cally observed context information may be used to combine
locations having similar “context histories” together into
“location clusters.” In this regard, location clusters may com-
prise locations having a common likelihood of one or more
contexts (e.g., environments, activities, and/or the like). For
example, shops, restaurants, and streets are common environ-
ments in a city center, and running, walking, and cycling
common activities in a recreational area

As will be described further herein below with respect to
some example embodiments, the distribution of context
labels within a location cluster may be used to make context
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predictions. The context prediction may be used to enhance
accuracy of context determination as compared to determi-
nation of a context based solely on sensory data. In this
regard, for example, a probability of a predicted context(s)
may be combined (e.g., summed) with a probability of a
sensed context(s) to determine a context based on the com-
bination of a predicted context and a sensed context. Thus, for
example, if, based solely on environmental sensory data, it
may not be determined to a satisfactory degree of probability
whether the user is in the “home’ or ‘office’ environment (e.g.,
the probabilities are close to each other) a predicted context
may be determined based on a current location to facilitate
determination of whether home’ or ‘office’ is more probable
given the current location.

FIG. 1 illustrates a block diagram of a context-aware appa-
ratus 102 for context determination according to an example
embodiment. It will be appreciated that the context-aware
apparatus 102 is provided as an example of one embodiment
and should not be construed to narrow the scope or spirit of
the invention in any way. In this regard, the scope of the
disclosure encompasses many potential embodiments in
addition to those illustrated and described herein. As such,
while FIG. 1 illustrates one example of a configuration of a
context-aware apparatus for context determination, other
configurations may also be used to implement embodiments
of the present invention.

The context-aware apparatus 102 may be embodied as a
desktop computer, laptop computer, mobile terminal, mobile
computer, mobile phone, mobile communication device, one
or more servers, one or more network nodes, game device,
digital camera/camcorder, audio/video player, television
device, radio receiver, digital video recorder, a headset, posi-
tioning device, chipset, a computing device comprising a
chipset, any combination thereof, and/or the like. In an
example embodiment, the context-aware apparatus 102 is
embodied as a mobile terminal, such as that illustrated in FIG.
2.

Inthis regard, FI1G. 2 illustrates a block diagram ofa mobile
terminal 10 representative of one embodiment of a context-
aware apparatus 102. It should be understood, however, that
the mobile terminal 10 illustrated and hereinafter described is
merely illustrative of one type of context-aware apparatus 102
that may implement and/or benefit from various embodi-
ments of the invention and, therefore, should not be taken to
limit the scope of the disclosure. While several embodiments
of'the electronic device are illustrated and will be hereinafter
described for purposes of example, other types of electronic
devices, such as mobile telephones, mobile computers, por-
table digital assistants (PDAs), pagers, laptop computers,
desktop computers, gaming devices, televisions, and other
types of electronic systems, may employ various embodi-
ments of the invention.

As shown, the mobile terminal 10 may include an antenna
12 (or multiple antennas 12) in communication with a trans-
mitter 14 and a receiver 16. The mobile terminal 10 may also
include a processor 20 configured to provide signals to and
receive signals from the transmitter and receiver, respectively.
The processor 20 may, for example, be embodied as various
means including circuitry, one or more microprocessors with
accompanying digital signal processor(s), one or more pro-
cessor(s) without an accompanying digital signal processor,
one or more coprocessors, one or more multi-core processors,
one or more controllers, processing circuitry, one or more
computers, various other processing elements including inte-
grated circuits such as, for example, an ASIC (application
specific integrated circuit) or FPGA (field programmable gate
array), or some combination thereof. Accordingly, although

10

15

20

25

30

35

40

45

50

55

60

65

6

illustrated in FIG. 2 as a single processor, in some embodi-
ments the processor 20 comprises a plurality of processors.
These signals sent and received by the processor 20 may
include signaling information in accordance with an air inter-
face standard of an applicable cellular system, and/or any
number of different wireline or wireless networking tech-
niques, comprising but not limited to Wi-Fi, wireless local
access network (WLAN) techniques such as Institute of Elec-
trical and Electronics Engineers (IEEE) 802.11, 802.16, and/
or the like. In addition, these signals may include speech data,
user generated data, user requested data, and/or the like. In
this regard, the mobile terminal may be capable of operating
with one or more air interface standards, communication
protocols, modulation types, access types, and/or the like.
More particularly, the mobile terminal may be capable of
operating in accordance with various first generation (1G),
second generation (2G), 2.5G, third-generation (3G) commu-
nication protocols, fourth-generation (4G) communication
protocols, Internet Protocol Multimedia Subsystem (IMS)
communication protocols (e.g., session initiation protocol
(SIP)), and/or the like. For example, the mobile terminal may
be capable of operating in accordance with 2G wireless com-
munication protocols IS-136 (Time Division Multiple Access
(TDMA)), Global System for Mobile communications
(GSM), IS-95 (Code Division Multiple Access (CDMA)),
and/or the like. Also, for example, the mobile terminal may be
capable of operating in accordance with 2.5G wireless com-
munication protocols General Packet Radio Service (GPRS),
Enhanced Data GSM Environment (EDGE), and/or the like.
Further, for example, the mobile terminal may be capable of
operating in accordance with 3G wireless communication
protocols such as Universal Mobile Telecommunications
System (UMTS), Code Division Multiple Access 2000
(CDMA2000), Wideband Code Division Multiple Access
(WCDMA), Time Division-Synchronous Code Division
Multiple Access (TD-SCDMA), and/or the like. The mobile
terminal may be additionally capable of operating in accor-
dance with 3.9G wireless communication protocols such as
Long Term Evolution (LTE) or Evolved Universal Terrestrial
Radio Access Network (E-UTRAN) and/or the like. Addi-
tionally, for example, the mobile terminal may be capable of
operating in accordance with fourth-generation (4G) wireless
communication protocols and/or the like as well as similar
wireless communication protocols that may be developed in
the future.

Some Narrow-band Advanced Mobile Phone System
(NAMPS), as well as Total Access Communication System
(TACS), mobile terminals may also benefit from embodi-
ments of this invention, as should dual or higher mode phones
(e.g., digital/analog or TDMA/CDMA/analog phones). Addi-
tionally, the mobile terminal 10 may be capable of operating
according to Wi-Fi or Worldwide Interoperability for Micro-
wave Access (WiMAX) protocols.

It is understood that the processor 20 may comprise cir-
cuitry for implementing audio/video and logic functions of
the mobile terminal 10. For example, the processor 20 may
comprise a digital signal processor device, a microprocessor
device, an analog-to-digital converter, a digital-to-analog
converter, and/or the like. Control and signal processing func-
tions of the mobile terminal may be allocated between these
devices according to their respective capabilities. The proces-
sor may additionally comprise an internal voice coder (VC)
20a, an internal data modem (DM) 2056, and/or the like.
Further, the processor may comprise functionality to operate
one or more software programs, which may be stored in
memory. For example, the processor 20 may be capable of
operating a connectivity program, such as a web browser. The
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connectivity program may allow the mobile terminal 10 to
transmit and receive web content, such as location-based
content, according to a protocol, such as Wireless Application
Protocol (WAP), hypertext transter protocol (HTTP), and/or
the like. The mobile terminal 10 may be capable of using a
Transmission Control Protocol/Internet Protocol (TCP/IP) to
transmit and receive web content across the internet or other
networks.

The mobile terminal 10 may also comprise a user interface
including, for example, an earphone or speaker 24, a ringer
22, a microphone 26, a display 28, a user input interface,
and/or the like, which may be operationally coupled to the
processor 20. In this regard, the processor 20 may comprise
user interface circuitry configured to control at least some
functions of one or more elements of the user interface, such
as, for example, the speaker 24, the ringer 22, the microphone
26, the display 28, and/or the like. The processor 20 and/or
user interface circuitry comprising the processor 20 may be
configured to control one or more functions of one or more
elements of the user interface through computer program
instructions (e.g., software and/or firmware) stored on a
memory accessible to the processor 20 (e.g., volatile memory
40, non-volatile memory 42, and/or the like). Although not
shown, the mobile terminal may comprise a battery for pow-
ering various circuits related to the mobile terminal, for
example, a circuit to provide mechanical vibration as a detect-
able output. The user input interface may comprise devices
allowing the mobile terminal to receive data, such as a keypad
30, a touch display (not shown), a joystick (not shown),
and/or other input device. In embodiments including a key-
pad, the keypad may comprise numeric (0-9) and related keys
(#, *), and/or other keys for operating the mobile terminal.

As shown in FIG. 2, the mobile terminal 10 may also
include one or more means for sharing and/or obtaining data.
For example, the mobile terminal may comprise a short-range
radio frequency (RF) transceiver and/or interrogator 64 so
data may be shared with and/or obtained from electronic
devices in accordance with RF techniques. The mobile ter-
minal may comprise other short-range transceivers, such as,
for example, an infrared (IR) transceiver 66, a Bluetooth™
(BT) transceiver 68 operating using Bluetooth™ brand wire-
less technology developed by the Bluetooth™ Special Inter-
est Group, a wireless universal serial bus (USB) transceiver
70 and/or the like. The Bluetooth™ transceiver 68 may be
capable of operating according to ultra-low power Blue-
tooth™ technology (e.g., Wibree™) radio standards. In this
regard, the mobile terminal 10 and, in particular, the short-
range transceiver may be capable of transmitting data to and/
or receiving data from electronic devices within a proximity
of'the mobile terminal, such as within 10 meters, for example.
Although not shown, the mobile terminal may be capable of
transmitting and/or receiving data from electronic devices
according to various wireless networking techniques, includ-
ing Wi-Fi, WLAN techniques such as IEEE 802.11 tech-
niques, IEEE 802.15 techniques, IEEE 802.16 techniques,
and/or the like.

The mobile terminal 10 may further include a positioning
sensor 37. The positioning sensor 37 may include, for
example, a global positioning system (GPS) sensor, an
assisted global positioning system (Assisted-GPS) sensor,
etc. In one embodiment, however, the positioning sensor 37
includes a pedometer, accelerometer, or inertial sensor. Fur-
ther, the positioning sensor may determine the location of the
mobile terminal 10 based upon signal triangulation or other
mechanisms. The positioning sensor 37 may be configured to
determine a location of the mobile terminal 10, such as lati-
tude and longitude coordinates of the mobile terminal 10 or a
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position relative to a reference point such as a destination or
a start point. Information from the positioning sensor 37 may
be communicated to a memory of the mobile terminal 10 or to
another memory device to be stored as a position history or
location information. Furthermore, the memory ofthe mobile
terminal 10 may store instructions for determining cell id
information. In this regard, the memory may store an appli-
cation program for execution by the processor 20, which may
determine an identity of the current cell (e.g., cell id identity
or cell id information) with which the mobile terminal 10 is in
communication. In conjunction with the positioning sensor
37, the cell id information may be used to more accurately
determine a location of the mobile terminal 10.

In an example embodiment, the positioning sensor 37 may
comprise an accelerometer, inertial sensor, and/or pedometer,
which may be used to determine a state of motion, a trajectory
of motion, severity of motion, and/or the like of the mobile
terminal 10. In embodiments where the positioning sensor
comprises a GPS sensor or the like, a state of motion, trajec-
tory of motion, and/or the like of the mobile terminal 10 may
also be determined. In this regard, the positioning sensor may
be configured to determine whether the mobile terminal 10 is
in motion based upon whether the location of the mobile
terminal 10 is changing over an interval 10. In some example
embodiments, the positioning sensor 37 may be configured to
determine a degree or severity of this state of motion based
upon, for example, the distance traveled by the mobile termi-
nal 10 over a time interval, an angle of a trajectory of motion
of the mobile terminal 10, and/or the like.

Although not illustrated in FIG. 2, the mobile terminal 10
may include one or more physical sensors in addition to or in
lieu of the positioning sensor 37. The physical sensors may,
for example, comprise devices capable of sensing or deter-
mining specific physical parameters descriptive of the current
context of the mobile terminal 10. For example, in some
embodiments, the physical sensors may include respective
different sensing devices for determining mobile terminal
environmental-related parameters such as speed, accelera-
tion, heading, orientation, inertial position relative to a start-
ing point, location, proximity to other devices or objects,
lighting conditions, and/or the like.

The mobile terminal 10 may comprise memory, such as a
subscriber identity module (SIM) 38, a removable user iden-
tity module (R-UIM), and/or the like, which may store infor-
mation elements related to a mobile subscriber. In addition to
the SIM, the mobile terminal may comprise other removable
and/or fixed memory. The mobile terminal 10 may include
volatile memory 40 and/or non-volatile memory 42. For
example, volatile memory 40 may include Random Access
Memory (RAM) including dynamic and/or static RAM, on-
chip or off-chip cache memory, and/or the like. Non-volatile
memory 42, which may be embedded and/or removable, may
include, for example, read-only memory, flash memory, mag-
netic storage devices (e.g., hard disks, floppy disk drives,
magnetic tape, etc.), optical disc drives and/or media, non-
volatile random access memory (NVRAM), and/or the like.
Like volatile memory 40 non-volatile memory 42 may
include a cache area for temporary storage of data. The
memories may store one or more software programs, instruc-
tions, pieces of information, data, and/or the like which may
be used by the mobile terminal for performing functions of
the mobile terminal. For example, the memories may com-
prise an identifier, such as an international mobile equipment
identification (IMEI) code, capable of uniquely identifying
the mobile terminal 10.

Returning to FIG. 1, in an example embodiment, the con-
text-aware apparatus 102 includes various means for per-
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forming the various functions herein described. These means
may comprise one or more of a processor 110, memory 112,
communication interface 114, user interface 116, context
determination circuitry 118, or one or more sensors 120. The
means of the context-aware apparatus 102 as described herein
may be embodied as, for example, circuitry, hardware ele-
ments (e.g., a suitably programmed processor, combinational
logic circuit, and/or the like), a computer program product
comprising computer-readable program instructions (e.g.,
software or firmware) stored on a computer-readable medium
(e.g. memory 112) that is executable by a suitably configured
processing device (e.g., the processor 110), or some combi-
nation thereof.

In some example embodiments, one or more of the means
illustrated in FIG. 1 may be embodied as a chip or chip set. In
other words, the context-aware apparatus 102 may comprise
one or more physical packages (e.g., chips) including mate-
rials, components and/or wires on a structural assembly (e.g.,
a baseboard). The structural assembly may provide physical
strength, conservation of size, and/or limitation of electrical
interaction for component circuitry included thereon. In this
regard, the processor 110, memory 112, communication
interface 114, user interface 116, context determination cir-
cuitry 118, and/or sensors 120 may be embodied as a chip or
chip set. The context-aware apparatus 102 may therefore, in
some example embodiments, be configured to implement
embodiments of the present invention on a single chip or as a
single “system on a chip”” As another example, in some
example embodiments, the context-aware apparatus 102 may
comprise component(s) configured to implement embodi-
ments of the present invention on a single chip or as a single
“system on a chip.” As such, in some cases, a chip or chipset
may constitute means for performing one or more operations
for providing the functionalities described herein and/or for
enabling user interface navigation with respect to the func-
tionalities and/or services described herein.

The processor 110 may, for example, be embodied as vari-
ous means including one or more microprocessors with
accompanying digital signal processor(s), one or more pro-
cessor(s) without an accompanying digital signal processor,
one or more Coprocessors, one or more multi-core processors,
one or more controllers, processing circuitry, one or more
computers, various other processing elements including inte-
grated circuits such as, for example, an ASIC (application
specific integrated circuit) or FPGA (field programmable gate
array), one or more other types of hardware processors, or
some combination thereof. Accordingly, although illustrated
in FIG. 1 as a single processor, in some embodiments the
processor 110 comprises a plurality of processors. The plu-
rality of processors may be in operative communication with
each other and may be collectively configured to perform one
or more functionalities of the context-aware apparatus 102 as
described herein. The plurality of processors may be embod-
ied on a single computing device or distributed across a plu-
rality of computing devices collectively configured to func-
tion as the context-aware apparatus 102. In embodiments
wherein the context-aware apparatus 102 is embodied as a
mobile terminal 10, the processor 110 may be embodied as or
comprise the processor 20. In some example embodiments,
the processor 110 is configured to execute instructions stored
in the memory 112 or otherwise accessible to the processor
110. These instructions, when executed by the processor 110,
may cause the context-aware apparatus 102 to perform one or
more of the functionalities of the context-aware apparatus
102 as described herein. As such, whether configured by
hardware or software methods, or by a combination thereof,
the processor 110 may comprise an entity capable of perform-
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ing operations according to embodiments of the present
invention while configured accordingly. Thus, for example,
when the processor 110 is embodied as an ASIC, FPGA orthe
like, the processor 110 may comprise specifically configured
hardware for conducting one or more operations described
herein. Alternatively, as another example, when the processor
110 is embodied as an executor of instructions, such as may
be stored in the memory 112, the instructions may specifically
configure the processor 110 to perform one or more algo-
rithms and operations described herein.

The memory 112 may comprise, for example, volatile
memory, non-volatile memory, or some combination thereof.
In this regard, the memory 112 may comprise a non-transitory
computer-readable storage medium. Although illustrated in
FIG. 1 as a single memory, the memory 112 may comprise a
plurality of memories. The plurality of memories may be
embodied on a single computing device or may be distributed
across a plurality of computing devices collectively config-
ured to function as the context-aware apparatus 102. In vari-
ous example embodiments, the memory 112 may comprise a
hard disk, random access memory, cache memory, flash
memory, a compact disc read only memory (CD-ROM), digi-
tal versatile disc read only memory (DVD-ROM), an optical
disc, circuitry configured to store information, or some com-
bination thereof. In embodiments wherein the context-aware
apparatus 102 is embodied as a mobile terminal 10, the
memory 112 may comprise the volatile memory 40 and/or the
non-volatile memory 42. The memory 112 may be configured
to store information, data, applications, instructions, or the
like for enabling the context-aware apparatus 102 to carry out
various functions in accordance with various example
embodiments. For example, in some example embodiments,
the memory 112 is configured to buffer input data for pro-
cessing by the processor 110. Additionally or alternatively,
the memory 112 may be configured to store program instruc-
tions for execution by the processor 110. The memory 112
may store information in the form of static and/or dynamic
information. The stored information may, for example,
include historically observed context data, trained location
clusters, and/or the like. This stored information may be
stored and/or used by the context determination circuitry 118
and/or sensors 120 during the course of performing their
functionalities.

The communication interface 114 may be embodied as any
device or means embodied in circuitry, hardware, a computer
program product comprising computer readable program
instructions stored on a computer readable medium (e.g., the
memory 112) and executed by a processing device (e.g., the
processor 110), or a combination thereof that is configured to
receive and/or transmit data from/to another computing
device, such as over a network. In an example embodiment,
the communication interface 114 is at least partially embod-
ied as or otherwise controlled by the processor 110. In this
regard, the communication interface 114 may be in commu-
nication with the processor 110, such as via a bus. The com-
munication interface 114 may include, for example, an
antenna, a transmitter, a receiver, a transceiver and/or sup-
porting hardware or software for enabling communications
with one or more remote computing devices. The communi-
cation interface 114 may be configured to receive and/or
transmit data using any protocol that may be used for com-
munications between computing devices. In this regard, the
communication interface 114 may be configured to receive
and/or transmit data using any protocol that may be used for
transmission of data over a wireless network, wireline net-
work, some combination thereof, or the like by which the
context-aware apparatus 102 and one or more computing
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devices may be in communication. The communication inter-
face 114 may additionally be in communication with the
memory 112, user interface 116, context determination cir-
cuitry 118, and/or sensors 120, such as via a bus.

The user interface 116 may be in communication with the
processor 110 to receive an indication of a user input and/or to
provide an audible, visual, mechanical, or other output to a
user. As such, the user interface 116 may include, for
example, a keyboard, a mouse, a joystick, a display, a touch
screen display, a microphone, a speaker, and/or other input/
output mechanisms. In embodiments wherein the user inter-
face 116 comprises a touch screen display, the user interface
116 may additionally be configured to detect and/or receive
an indication of a touch gesture or other input to the touch
screen display.

The user interface 116 may be in communication with the
memory 112, communication interface 114, context determi-
nation circuitry 118, sensors 120, and/or positioning sensor
122, such as via a bus.

The context determination circuitry 118 may be embodied
as various means, such as circuitry, hardware, a computer
program product comprising computer readable program
instructions stored on a computer readable medium (e.g., the
memory 112) and executed by a processing device (e.g., the
processor 110), or some combination thereof and, in some
embodiments, is embodied as or otherwise controlled by the
processor 110. In embodiments wherein the context determi-
nation circuitry 118 is embodied separately from the proces-
sor 110, the context determination circuitry 118 may be in
communication with the processor 110. The context determi-
nation circuitry 118 may further be in communication with
one or more of the memory 112, communication interface
114, user interface 116, or sensors 120, such as via a bus.

In some embodiments, the context-apparatus 102 may
comprise and/or be in operative communication with one or
more sensors 120. In such embodiments, a sensor 120 may be
embodied as various means, such as circuitry, hardware, a
computer program product comprising computer readable
program instructions stored on a computer readable medium
(e.g., the memory 112) and executed by a processing device
(e.g., the processor 110), or some combination thereof and, in
some embodiments, is embodied as or otherwise controlled
by the processor 110. The one or more sensors 120 may, for
example, comprise one or more physical sensors, such as an
accelerometer, a magnetometer, a proximity sensor, an ambi-
ent light sensor, a positioning sensor (e.g., the positioning
sensor 37), an audio sensor, and/or any of a number of other
possible sensors. The one or more sensors 120 may addition-
ally or alternatively comprise one or more virtual sensors.
Virtual sensors may include sensors that do not measure
physical parameters. Thus, for example, virtual sensors may
monitor such virtual parameters as RF (radio frequency)
activity, time, calendar events, device state information, prox-
imity to other computing devices, identities of proximate
computing devices, active profiles, alarms, battery state,
application data, data from web services, certain location
information that is measured based on timing (for example,
global positioning system (GPS) position) or other non-
physical parameters (for example, cell-ID), and/or the like.
As such, a sensor 120 may comprise any sensor configured to
capture sensory data that may be used by the context deter-
mination circuitry 118 to determine a context (e.g., an envi-
ronment context, activity context, and/or the like) of the con-
text-aware apparatus 102.

In some example embodiments, the context determination
circuitry 118 is configured to collect historical context data
for the context-aware apparatus 102. The historical context
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data for the context-aware apparatus 102 may describe one or
more historically observed contexts for the context-aware
apparatus 102 and/or a user thereof. Respective unique
observed contexts may be labeled with context labels. In this
regard, a context label may correspond to an environmental
context, activity context, or the like. The context label may
comprise a textual label or may comprise a code representa-
tive of a context. These context labels may, for example, be at
least in part automatically determined by the context deter-
mination circuitry 118, such as based on the outputs of one or
more sensors 120. Additionally or alternatively, the context
labels may be obtained from a user of the context-aware
apparatus 102. In this regard, a user may enter his or her
context at various times, in response to a prompt, and/or the
like. The context determination circuitry 118 may map an
entered context to the outputs of one or more sensors 120.

In some example embodiments, the context determination
circuitry 118 may collect historical context data comprising
pairs of time stamped location identifiers and corresponding
context label(s) observed at respective locations identified by
the location identifiers at the respective stamped times.
Accordingly, the collected historical context data may com-
prise a sequence of location identifiers stamped with times at
which the context-aware apparatus 102 was located at respec-
tive locations identified by the location identifiers and paired
with respective context label(s) observed at the locations at
the stamped times. The location identifiers may comprise cell
identifiers (cell IDs), network access point identifiers (e.g.,
wireless local area network access point identifiers, and/or the
like), router internet protocol addresses, a device identifier
(e.g., an identity of a device detected as proximate to the
context-aware apparatus, such as a Bluetooth device identi-
fier, and/or the like), positioning data (e.g., GPS location data,
latitude/longitude values, and/or the like). The table below
illustrates possible context data collected for identifiers 123,
456, and 789, regarding context labels a, b, and c.

Identifier Context Label
123 b
123 c
789 a
456 b
798 a

Furthermore, the collected historical context data may be
further arranged into one or more histograms, each corre-
sponding to a single identifier, and representing the empirical
context label distributions. Each histogram bin may further-
more correspond to a particular context label, and its value
may indicate the number of times that the particular label was
observed in the location corresponding to the identifier. The
table below shows an example of the histograms that may be
collected from the context data above:

Context
Label
Identifier a b c
123 0 1 1
456 0 1 0
789 2 0 0

The histograms may further be normalized by dividing with
the sum of counts, such that the sum of values of each histo-
gram will be one. The normalized histogram values indicate
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the probabilities of the device being in each of the known
contexts a, b, ¢, when the location identifier is known.

In some embodiments, the context data observation may
comprise a probability. For example, the context data obser-
vation may comprise a probability in embodiments wherein 3
context observations are performed using a context sensing
algorithm operating on one or more sensors of the device. In
this case, the context history may comprise identifiers, con-
text labels, and probabilities. The table below illustrates pos-
sible context data collected for identifiers 123, 456, and 789,
regarding contexts a, b, and ¢, in the case when probabilities
are used:

10

15

Identifier Context Label Probability

123
123
789
456

798 20

o ® oo
<
Ko

When probabilities are used, the context determination cir-
cuitry 118 may accumulate the probability across different
observations, to construct summary probability distributions
for the identifiers:

25

Context
label

30
Identifier a b c

123 0
456 0
789

35

The histograms may again be normalized such that the sum of
each histogram becomes one.

In embodiments wherein a location identifier comprises
device identifier, the location identifiers may be time depen-
dent. As an example, if a location identifier comprises a
Bluetooth device identifier, the Bluetooth device identifier
may correspond to a plurality of unique location identifiers
each having a corresponding period of time. For example, the
Bluetooth device identifier XYZ may correspond to unique
location identifiers XYZ1, XYZ2 . . . XYZ6, each of which
may correspond to a period of four hours. In this regard, a
device identifier does not indicate a physical location, but
rather a relative position. Thus, if the context-aware apparatus
102 is proximate to device XYZ at noon, the environment
context may be “lunch.” If the context-aware apparatus 102 is
proximate to device XYZ in the morning or afternoon, the
environment context is more probably “office” or “meeting.”
If the context-aware apparatus 102 is proximate to device
XYZ nthe evening, the environment context may be a “pub.”
Accordingly, a device identifier may be accorded a plurality
oftime slots, each of which may be assigned a unique location
identifier to account for time varying contexts.

In embodiments wherein a location identifier comprises
positioning data, the location identifier may comprise an
index, to a group of positioning coordinates. In this regard, a
group of adjacent coordinates may be grouped together and
referenced by an index. Accordingly, a position may be ref-
erenced by an index referencing a group of coordinates in
which the position is located. In some embodiments, identi-
fiers, such as cell IDs, which may be available without requir-
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ing additional power and/or computational overhead to deter-
mine, may be used by default for location identifiers when
available.

The context determination circuitry 118 may be configured
to implement a clustering algorithm for location cluster train-
ing. In this regard, the context determination circuitry 118
may be configured to form one or more location clusters by
using historically observed context data as training data. The
formed location clusters may each respectively comprise one
or more location identifiers grouped based at least in part on
historically observed contexts. Additionally or alternatively,
the formed location clusters may each comprise a histogram
comprising histogram values that may, for example, represent
the summed counts for each context label observed in any of
the locations corresponding to the grouped identifiers.

In some example embodiments, the context determination
circuitry 118 may be configured to implement a clustering
algorithm beginning with a number of location clusters
equivalent to the number of unique location identifiers in the
training data. The context determination circuitry 118 may be
configured to perform a series of location cluster merger
operations. Each merger operation may comprise determin-
ing a distance between current location clusters and merging
those location clusters calculated to have a distance that is less
than a predefined threshold distance. The context determina-
tion circuitry may, for example, be configured to measure the
distance between two clusters using weighted Kullback-
Leibler divergence (K-L divergence), a FEuclidean distance
calculation, a Manhattan distance calculation, a Mahalanobis
distance calculation, a correlation calculation, a cosine dis-
tance calculation, some combination thereof, and/or the like.

The context determination circuitry 118 may continue to
merge location clusters until only a single location cluster is
remaining. The context determination circuitry 118 may then
select a number (e.g., an optimal number) of location clusters
to be formed for use in context prediction. In this regard, in
some example embodiments, a threshold number of location
clusters may not be used. The context determination circuitry
118 may be configured to select the number based at least in
part on the Minimum Description Length (MDL) principle,
Bayesian Information Criterion (BIC), Maximum Mutual
Information (MMI), Minimum Message Length, Akaike
Information Criterion, a heuristic scoring scheme, some com-
bination thereof, or the like. In this regard, the current number
of clusters following each merger operation may be known. In
addition, the system may store a data structure describing the
allocation of each location identifier to the clusters resulting
after each merger operation. The allocation data structure
may for example comprise an index for each location identi-
fier indicating the cluster to which the location identifier
belongs. MDL or the like may accordingly be used to com-
pute the criteria value corresponding to the current number of
clusters. This criteria value is a measure of how well the
current number of clusters and their associated context label
distributions describe the training data. Thus, in the end when
only one cluster is left, the criteria value may have been
computed for all intermediary number of clusters. The con-
text determination circuitry 118 may accordingly determine,
based on the criteria values, which value is the optimum (min
or max) value of the selected criteria. In embodiments
wherein MDL is used, the context determination circuitry 118
may determine the minimum value. The context determina-
tion circuitry 118 may accordingly select the number of clus-
ters that yields the optimum criteria value. Using the alloca-
tion data structure, the context determination circuitry 118
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may construct each cluster by collecting the data from the
probability distributions or histograms of each identifier
belonging to that cluster.

The selected location clusters may provide the probabili-
ties of the context-aware apparatus being at each of the con-
texts known by the system, such as “shop”, “restaurant”, or
the like. Accordingly, given a location identifier indicating a
location of the context-aware apparatus 102, the context
determination circuitry 118 may determine the location clus-
ter to which it belongs and use the determined location cluster
to predict a context(s) (e.g., environment context, apparatus
context, and/or the like) of the context-aware apparatus 102.
As a location identifier (e.g., a cell ID) may cover several
places (e.g. “shop”, “cafe”, “bus station”, etc), the context
determination circuitry 118 may factor in a sequence of the
previous visited contexts to improve the prediction accuracy
in a location cluster.

In some example embodiments, the context determination
circuitry 118 may be configured to implement a clustering
algorithm that may be seen as a probabilistic clustering
method. In this regard, the context labels may be considered
to be generated by a number of random variables, where each
random variable represents one cluster. The context determi-
nation circuitry 118 may infer the number of random vari-
ables and the probability distribution associated with each of
them.

A clustering algorithm in accordance with one example
embodiment will now be provided for purposes of example. It
will be appreciated, however, that the example clustering
algorithm provided below is provided purely for purposes of
example and not by way of limitation. As such, other cluster-
ing algorithms may be readily substituted for the example
algorithm in accordance with some example embodiments.
Such other examples might include various agglomerative or
divisive clustering methods, k-means clustering, max/min
clustering, or the like. As previously described, the context
determination circuitry 118 may be configured to maintain
and/or have access to historically observed context data com-
prising time stamped location identifiers augmented with
context labels. Given an example embodiment wherein the
location identifiers comprise cell IDs, n may be used to denote
the number of unique cell-ids and by x,, i=1:n the i cell ID.
It will be appreciated, however, that cell IDs are used for
purposes of example in describing this example clustering
algorithm and not by way of limitation. Accordingly, other
types of location identifiers may be used in addition to or in
lieu of cell IDs. The context determination circuitry 118 may
collect the empirical distribution of the context labels for each
unique cell ID. The number of times context label j occurs at
cell ID i may be denoted by n;,,. The number of times the cell
ID i occurs in the whole data set may be denoted by n,. The
empirical label distribution collected for the i?” cell-id may be
given by p;;=n,,/n,, where j=1:m and m is the number of
distinct context labels. In the beginning, each cell ID may
represent one location cluster, and the context determination
circuitry 118 may merge those clusters that are within the
predefined threshold distance, until only one location cluster
is left. The context determination circuitry 118 may then
select the number of location clusters, such as based on the
MDL principle. As an example, the context determination
circuitry 118 may calculate the distance between all possible
pairs of cell IDs based at least in part on the weighted Kul-
back-Leibler divergence. In this regard, given two location
clusters u and v, the Kulback-Leibler divergence between
their probability distributions may be defined as:
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Because the Kulback-Leibler divergence is not symmetric,
the context determination circuitry 118 may use the
weighted sum to measure the distance between the two
location clusters:

nll n\/
D(u, v) = ZKL(ull V) + ;KL(V” u)

The label distributions of the location clusters that are
within the predefined threshold distance may be merged
to form a new location cluster, which may replace the
merged location clusters. Let u and v be two location
clusters that have to be merged and let t be the resulting
location cluster. The label distribution of the resulting
location cluster may be given by p,,=n,/n, where
n,=n,+n, andn; =n, +n,,. Inthe end, one location clus-
ter containing the empirical distribution of the labels in
the whole data set may remain.

Using the MDL principle, the context determination cir-
cuitry 118 may select the optimal number of location
clusters, such as may yield the shortest average code
length to encode the context labels in each location
cluster and their associated distributions:

k* = argmin/ (k)
&

where J(k) is the criteria value when k location clusters are
used and may be computed as follows:
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In alternative embodiments, rather than merging location
clusters based on a clustering algorithm as described above,
the context determination circuitry 118 may be configured to
cluster location identifiers having a common maximum prob-
able context. In this regard, given a set of location clusters, the
context determination circuitry 118 may determine the con-
text label having the greatest probability for each location
cluster in the set of location clusters. If the context label
having the greatest probability in a first location cluster and
the context label having the greatest probability in a second
location cluster match, the context determination circuitry
118 may merge the first and second location clusters. In such
alternative embodiments, the number of clusters may be
equal to the number of distinct context labels.

The context determination circuitry 118 may be configured
to use trained location clusters to determine a predicted con-
text(s) for the context-aware apparatus 102. In this regard, the
context determination circuitry 118 may determine a location
identifier indicative of a location (e.g., a current location) of
the context-aware apparatus 102. The context determination
circuitry 118 may further determine a location cluster based
at least in part on the determined location identifier. In this
regard, the context determination circuitry 118 may deter-
mine the location cluster containing the determined location
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identifier. The context determination circuitry 118 may deter-
mine a probability for at least one context based on the deter-
mined location cluster. In this regard, the context determina-
tion circuitry 118 may determine a probability of a context
based at least in part on a context label distribution within the
determined location cluster. In some example embodiments,
the context determination circuitry 118 may determine a
probability of a context further based on a time (e.g., the
current time), a sequence of one or more previously observed
contexts, and/or the like.

In some example embodiments, the context determination
circuitry 118 may be configured to determine a context of the
context-aware apparatus 102 at least in part by determining a
predicted context label having the greatest probability as
determined based on the determined location cluster. In some
embodiments, the context determination circuitry 118 may be
configured to determine a context of the context-aware appa-
ratus 102 further based on sensory data. In this regard, the
context determination circuitry 118 may determine sensory
data collected by one or more sensors 120. The context deter-
mination circuitry 118 may determine a probability for one or
more contexts based at least in part on the sensory data. The
context determination circuitry 118 may combine the pre-
dicted probability of a context determined based on a location
cluster and a probability of a context determined based on the
sensory data. Accordingly, the context determination cir-
cuitry 118 may determine a combined probability for at least
one context and determine a context having the greatest com-
bined probability.

In an example embodiment, the context determination cir-
cuitry 118 may determine a context based on a combined
probability using both sensory data and predicted context as
follows. The context determination circuitry 118 may apply
one or more classifiers to sensory data. For example, the
context determination circuitry 118 may use an audio-based
environment classifier to determine a probability p, ., for
context j. Another sensor s(2) (e.g., a sensor 120) may pro-
duce a probability p,,,, for context j. As an example, there
may be S sensors. When performing context recognition at a
location identified by location identifier t, the context deter-
mination circuitry 118 may determine a predicted probability
P, for context j. The context determination circuitry 118 may
combine the sensor-based context classifications and the pre-
dicted context as follows:

1S
P jliotal = ngz w(skDog(p jis)) + Worealog(p jie)s
=

where w(s(k)) is a weight between 0 and 1 for sensor s(k),
and W,and W, ;are weights for the sensor-based probability
and predicted probability, respectively. If any of the sensors
return the logarithms of the probabilities or logarithmic like-
lihoods of the context labels, instead of probabilities, the
likelihoods may be exponentiated and then normalized to
obtain the context label probabilities. Moreover, in some
embodiments, given the current location identifier t, the con-
text determination circuitry 118 may discard the probabilities
for the context labels that were not seen at all in the current
location and then compute the new probabilities p'; ;. For
example, if the audio based context predictor is confusing
environments like home and office (e.g., because both envi-
ronments might be quiet), by knowing that in the current
location identifier home was never seen, the audio based
predictor may be helped to make more accurate predictions.
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In some embodiments, the weights W and W, ,may beclass
dependent, such that different sensors may receive different
weights when computing the probabilities. In some embodi-
ments, the weights may be computed dynamically for each
sensor and/or for each predictor. As an example, the weights
may be computed dynamically for each predictor by comput-
ing the probability difference between the two most probable
context labels and then computing the weights by normaliz-
ing with the sum of all computed differences. Also, in some
embodiments, the weights may reflect a score for the most
probable context label, (e.g. the p-value) of each of the sen-
sors and predictors. In some embodiments, instead of com-
bining the probabilities, the system may employ another clas-
sifier, such as a support vector machine (SVM) or a neural
network, to learn the mapping between sensor-based prob-
abilities and predicted probabilities and system outputs. For
example, in some example embodiments, the context deter-
mination circuitry 118 may construct a new feature vector by
concatenating the sensor-based probabilities and predicted
probabilities. This combined feature vector may then be clas-
sified with a classifier to yield the recognition result.

In embodiments wherein a mixture of types of location
identifiers are used, the equation [5] used to combine the
sensor-based context classifications and predicted context
may be expanded to include a predicted context probability
for each of a plurality of location identifier types. As an
example wherein a context is predicted for a cell ID location
identifier and a wireless local area network (WLAN) access
point identifier, equation 5 may be include a predicted prob-
ability value of p;, for a current cell ID and a predicted
probability value of p;, for a current WLAN access point
identifier. Bach predicted probability value p;, may be
weighted in the expanded equation by a respective W,
weight value.

Referring now to FIG. 3, FIG. 3 illustrates an example of
context determination according to an example embodiment.
In this regard, the context determination circuitry 118 may
determine a predicted environment context, predicted activity
context, and/or the like, at operation 302. Operation 314 may
comprise the context determination circuitry 118 combining
environment context classification results determined from
one or more environment sensors to determine an environ-
ment context based on sensory data. The environment sensors
may comprise one or more of an audio-based environment
classification sensor 304, location-based (e.g., GPS-based)
environment classification sensor 306, time-based environ-
ment classification sensor 308, ambient-light based environ-
ment classification sensor 310, Cell ID/wireless local area
network-based environment classification sensor 312, and/or
the like. The context determination circuitry 118 may further
determine an activity context based at least in part on an
accelerometer-based activity classification sensor, at opera-
tion 316. Operation 318 may comprise the context determi-
nation circuitry 118 combining the contexts predicted in
operation 302 with the sensory-based contexts determined in
operations 314 and 316. The context determination circuitry
118 may determine an environment context and activity con-
text, at operation 320, based on the results of the combination
(s) performed in operation 318.

In some example embodiments, the context determination
circuitry 118 may be configured to determine sensory-based
context classification using fused sensor data and/or context
data. In this regard, capture of sensor data may be distributed
over a plurality of system levels and the captured sensory data
may be fused at each of the plurality of system levels. This
distributed capture and fusion may, for example, be per-
formed according to any of the methods described in Inter-
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national Patent Application Number PCT/IB2010/001109,
filed on May 13, 2010, the contents of which are incorporated
herein by reference. As an example use of distributed collec-
tion and fusing of context data, in some example embodi-
ments, the context predictions from the location clusters may
be implemented as a virtual sensor. In some such example
embodiments, the sensory context recognition and obtaining
probabilities for contexts in each cell may be implemented on
low levels of the system, such as on a dedicated sensor pro-
cessor. The results may be communicated to the higher levels,
and used to update the location clusters at higher levels, such
as in the middleware layer.

The context determination circuitry 118 may be further
configured to update a context label distribution in a location
cluster by repeating clustering, such as in accordance with a
clustering algorithm described above. In some example
embodiments, the context determination circuitry 118 may
perform re-clustering in response to determining a context of
the context-aware apparatus 102. In some example embodi-
ments, the context determination circuitry 118 may perform
re-clustering periodically, such as once a day. As still a further
example, the context determination circuitry 118 may per-
form re-clustering in an instance in which the trained location
clusters fail to satisfy a predefined validity criterion.

FIG. 4 illustrates a flowchart according to an example
method for context determination according to an example
embodiment. The operations illustrated in and described with
respect to FIG. 4 may, for example, be performed by, with the
assistance of, and/or under the control of one or more of the
processor 110, memory 112, communication interface 114,
user interface 116, context determination circuitry 118, or
sensors 120. Operation 400 may comprise determining a
location identifier indicative of a location of the context-
aware apparatus 102. The processor 110, memory 112, con-
text determination circuitry 118, and/or sensors 120 may, for
example, provide means for performing operation 400.
Operation 410 may comprise determining a location cluster
based at least in part on the location identifier. The processor
110, memory 112, and/or context determination circuitry 118
may, for example, provide means for performing operation
410. Operation 420 may comprise determining a first prob-
ability for each of one or more contexts based at least in part
on the determined location cluster. The processor 110,
memory 112, and/or context determination circuitry 118 may,
for example, provide means for performing operation 420.
Operation 430 may comprise determining a context of the
context-aware apparatus 102 based at least in part on the
determined first probability. The processor 110, memory 112,
and/or context determination circuitry 118 may, for example,
provide means for performing operation 430.

FIG. 5 illustrates a flowchart according to an example
method for context determination according to an example
embodiment. The operations illustrated in and described with
respect to FIG. 5 may, for example, be performed by, with the
assistance of, and/or under the control of one or more of the
processor 110, memory 112, communication interface 114,
user interface 116, context determination circuitry 118, or
sensors 120. Operation 500 may comprise determining a
location identifier indicative of a location of the context-
aware apparatus 102. The processor 110, memory 112, con-
text determination circuitry 118, and/or sensors 120 may, for
example, provide means for performing operation 500.
Operation 510 may comprise determining a first probability
for each of one or more contexts based at least in part on the
determined location identifier. The processor 110, memory
112, and/or context determination circuitry 118 may, for
example, provide means for performing operation 510. In this
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regard, in instances wherein there are as many clusters as
unique location identifiers, determination of a cluster, as
determined in operation 410 may not be needed as the deter-
mined location identifier may be coextensive with the corre-
sponding cluster. As such, the determined location identifier
may have its own probability distribution that may be used to
determine a probability of a context. Operation 520 may
comprise determining a context of the context-aware appara-
tus 102 based at least in part on the determined first probabil-
ity. The processor 110, memory 112, and/or context determi-
nation circuitry 118 may, for example, provide means for
performing operation 520.

FIG. 6 illustrates a flowchart according to an example
method for context determination according to an example
embodiment. The operations illustrated in and described with
respect to FIG. 6 may, for example, be performed by, with the
assistance of, and/or under the control of one or more of the
processor 110, memory 112, communication interface 114,
user interface 116, context determination circuitry 118, or
sensors 120. Operation 600 may comprise determining a
location identifier indicative of a location of the context-
aware apparatus 102. The processor 110, memory 112, con-
text determination circuitry 118, and/or sensors 120 may, for
example, provide means for performing operation 600.
Operation 610 may comprise determining a location cluster
based at least in part on the location identifier. The processor
110, memory 112, and/or context determination circuitry 118
may, for example, provide means for performing operation
610. Operation 620 may comprise determining a first prob-
ability for each of one or more contexts based at least in part
on the determined location cluster. The processor 110,
memory 112, and/or context determination circuitry 118 may,
for example, provide means for performing operation 620.
Operation 630 may comprise determining sensory data. The
processor 110, memory 112, context determination circuitry
118, and/or sensors 120 may, for example, provide means for
performing operation 630. Operation 640 may comprise
determining a second probability for each of one or more
contexts based at least in part on the determined sensory data.
The processor 110, memory 112, and/or context determina-
tion circuitry 118 may, for example, provide means for per-
forming operation 640. Operation 650 may comprise deter-
mining a context of the context-aware apparatus 102 based at
least in part on the determined first and second probabilities.
The processor 110, memory 112, and/or context determina-
tion circuitry 118 may, for example, provide means for per-
forming operation 650.

FIG. 7 illustrates a flowchart according to an example
method for location cluster training according to an example
embodiment. The operations illustrated in and described with
respect to FIG. 7 may, for example, be performed by, with the
assistance of, and/or under the control of one or more of the
processor 110, memory 112, communication interface 114,
user interface 116, context determination circuitry 118, or
sensors 120. Operation 700 may comprise determining an
empirical distribution of context labels for each of a plurality
of unique location identifiers. The processor 110, memory
112, communication interface 114, context determination cir-
cuitry 118, and/or sensors 120 may, for example, provide
means for performing operation 700. Operation 710 may
comprise merging the location clusters until a single location
cluster remains. In this regard, each unique location identifier
may be considered as a location cluster and the location
clusters may be progressively merged until a single location
cluster remains. The processor 110, memory 112, and/or con-
text determination circuitry 118 may, for example, provide
means for performing operation 710. Operation 720 may
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comprise selecting an optimal number of location clusters to
be used (e.g., to be formed). The processor 110, memory 112,
and/or context determination circuitry 118 may, for example,
provide means for performing operation 720.

FIGS. 4-7 each illustrate a flowchart of a system, method,
and computer program product according to an example
embodiment. It will be understood that each block of the
flowcharts, and combinations of blocks in the flowcharts, may
be implemented by various means, such as hardware and/or a
computer program product comprising one or more com-
puter-readable mediums having computer readable program
instructions stored thereon. For example, one or more of the
procedures described herein may be embodied by computer
program instructions of a computer program product. In this
regard, the computer program product(s) which embody the
procedures described herein may be stored by one or more
memory devices of a mobile terminal, server, or other com-
puting device (for example, in the memory 112) and executed
by a processor in the computing device (for example, by the
processor 110). In some embodiments, the computer program
instructions comprising the computer program product(s)
which embody the procedures described above may be stored
by memory devices of a plurality of computing devices. As
will be appreciated, any such computer program product may
be loaded onto a computer or other programmable apparatus
(for example, a context-aware apparatus 102) to produce a
machine, such that the computer program product including
the instructions which execute on the computer or other pro-
grammable apparatus creates means for implementing the
functions specified in the flowchart block(s). Further, the
computer program product may comprise one or more com-
puter-readable memories on which the computer program
instructions may be stored such that the one or more com-
puter-readable memories can direct a computer or other pro-
grammable apparatus to function in a particular manner, such
that the computer program product comprises an article of
manufacture which implements the function specified in the
flowchart block(s). The computer program instructions of one
or more computer program products may also be loaded onto
a computer or other programmable apparatus (for example, a
context-aware apparatus 102) to cause a series of operations
to be performed on the computer or other programmable
apparatus to produce a computer-implemented process such
that the instructions which execute on the computer or other
programmable apparatus implement the functions specified
in the flowchart block(s).

Accordingly, blocks of the flowcharts support combina-
tions of means for performing the specified functions. It will
also be understood that one or more blocks of the flowcharts,
and combinations of blocks in the flowcharts, may be imple-
mented by special purpose hardware-based computer sys-
tems which perform the specified functions, or combinations
of special purpose hardware and computer program product
(s).

The above described functions may be carried out in many
ways. For example, any suitable means for carrying out each
of the functions described above may be employed to carry
out embodiments of the invention. In one embodiment, a
suitably configured processor (for example, the processor
110) may provide all or a portion of the elements. In another
embodiment, all or a portion of the elements may be config-
ured by and operate under control of a computer program
product. The computer program product for performing the
methods of an example embodiment includes a computer-
readable storage medium (for example, the memory 112),
such as the non-volatile storage medium, and computer-read-
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able program code portions, such as a series of computer
instructions, embodied in the computer-readable storage
medium.

Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled in the art
to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the
embodiments of the invention are not to be limited to the
specific embodiments disclosed and that modifications and
other embodiments are intended to be included within the
scope of the invention. Moreover, although the foregoing
descriptions and the associated drawings describe example
embodiments in the context of certain example combinations
of elements and/or functions, it should be appreciated that
different combinations of elements and/or functions may be
provided by alternative embodiments without departing from
the scope of the invention. In this regard, for example, differ-
ent combinations of elements and/or functions than those
explicitly described above are also contemplated within the
scope of the invention. Although specific terms are employed
herein, they are used in a generic and descriptive sense only
and not for purposes of limitation.

What is claimed is:

1. A method comprising:

determining a location identifier, the location identifier
being indicative of a location of an apparatus;

determining a location cluster based at least in part on the
location identifier, wherein the determined location
cluster comprises a location cluster determined from a
set of at least one location cluster, and wherein each
location cluster in the set of at least one location cluster
comprises a cluster of one or more location identifiers
grouped based at least in part on historically observed
context data comprising a plurality of location identifi-
ers augmented with context labels corresponding to
observed contexts of the apparatus;

determining a first probability for one or more contexts
based at least in part on the determined location identi-
fier, wherein determining the first probability comprises
determining the first probability for one or more con-
texts based at least in part on the determined location
cluster; and

determining a context of the apparatus based at least in part
on the determined first probability.

2. The method of claim 1, further comprising:

determining sensory data; and

determining a second probability for one or more contexts
based at least in part on the sensory data; and

wherein determining a context of the apparatus comprises
determining the context of the apparatus further based
on the determined second probability.

3. The method of claim 2, wherein determining a context of

the apparatus comprises:

combining the first probability and the second probability
for one or more contexts to determine a combined prob-
ability for the one or more contexts; and

determining the context of the one or more contexts having
the greatest combined probability.

4. The method of claim 1, wherein:

determining a location cluster comprises determining a
location cluster from the set of at least one location
cluster that includes the determined location identifier;
and

determining a first probability for one or more contexts
comprises determining a predicted probability for a con-
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text based at least in part on a distribution of context
labels for the determined location cluster.

5. The method of claim 4, further comprising:

determining a distance between the determined location

cluster and a second location cluster;

comparing the determined distance to a predefined thresh-

old distance; and

merging the determined location cluster and the second

location cluster in an instance in which the determined
distance is less than the threshold distance.

6. The method of claim 4, further comprising:

determining a context label having a greatest probability

for the determined location cluster;

comparing the determined context label to a context label

having a greatest probability for a second location clus-
ter; and

merging the determined location cluster and the second

location cluster in an instance in which the determined
context label and the context label having the greatest
probability for the second location cluster match.

7. The method of claim 6, further comprising:

selecting a number of location clusters to be formed; and

forming the selected number of location clusters.

8. An apparatus comprising at least one processor and at
least one memory storing computer program code, wherein
the at least one memory and stored computer program code
are configured, with the at least one processor, to cause the
apparatus to at least:

determine a location identifier, the location identifier being

indicative of a location of the apparatus;

determine a location cluster based at least in part on the

location identifier, wherein the determined location
cluster comprises a location cluster determined from a
set of at least one location cluster, and wherein each
location cluster in the set of at least one location cluster
comprises a cluster of one or more location identifiers
grouped based at least in part on historically observed
context data comprising a plurality of location identifi-
ers augmented with context labels corresponding to
observed contexts of the apparatus;

determine a first probability for one or more contexts based

at least in part on the determined location identifier and
the determined location cluster; and

determine a context of the apparatus based at least in part

on the determined first probability.

9. The apparatus of claim 8, wherein the at least one
memory and stored computer program code are configured,
with the at least one processor, to further cause the apparatus
to:

determine sensory data; and

determine a second probability for one or more contexts

based at least in part on the sensory data; and

wherein the at least one memory and stored computer

program code are configured, with the at least one pro-
cessor, to cause the apparatus to determine a context of
the apparatus by determining the context of the appara-
tus further based on the determined second probability.

10. The apparatus of claim 9, wherein the at least one
memory and stored computer program code are configured,
with the at least one processor, to cause the apparatus to
determining a context of the apparatus at least in part by:

combining the first probability and the second probability

for one or more contexts to determine a combined prob-
ability for the one or more contexts; and

determining the context of the one or more contexts having

the greatest combined probability.
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11. The apparatus of claim 8, wherein the at least one
memory and stored computer program code are configured,
with the at least one processor, to cause the apparatus to:

determine a location cluster at least in part by determining

a location cluster from the set of at least one location
cluster that includes the determined location identifier;
and

determine a first probability for one or more contexts at

least in part by determining a predicted probability for a
context based at least in part on a distribution of context
labels for the determined location cluster.

12. The apparatus of claim 11, wherein the at least one
memory and stored computer program code are configured,
with the at least one processor, to further cause the apparatus
to:

determine a distance between the determined location clus-

ter and a second location cluster;

compare the determined distance to a predefined threshold

distance; and

merge the determined location cluster and the second loca-

tion cluster in an instance in which the determined dis-
tance is less than the threshold distance.

13. The apparatus of claim 11, wherein the at least one
memory and stored computer program code are configured,
with the at least one processor, to further cause the apparatus
to:

determine a context label having a greatest probability for

the determined location cluster;

compare the determined context label to a context label

having a greatest probability for a second location clus-
ter; and

merge the determined location cluster and the second loca-

tion cluster in an instance in which the determined con-
text label and the context label having the greatest prob-
ability for the second location cluster match.

14. The apparatus of claim 13, wherein the at least one
memory and stored computer program code are configured,
with the at least one processor, to further cause the apparatus
to:

select a number of location clusters to be formed; and

form the selected number of location clusters.

15. A computer program product comprising at least one
non-transitory computer-readable storage medium having
computer-readable program instructions stored therein, the
computer-readable program instructions comprising:

program instructions configured to determine a location

identifier, the location identifier being indicative of a
location of an apparatus;

program instructions configured to determine a location

cluster based at least in part on the location identifier,
wherein the determined location cluster comprises a
location cluster determined from a set of at least one
location cluster, and wherein each location cluster in the
set of at least one location cluster comprises a cluster of
one or more location identifiers grouped based at least in
part on historically observed context data comprising a
plurality of location identifiers augmented with context
labels corresponding to observed contexts of the appa-
ratus;

program instructions configured to determine a first prob-

ability for one or more contexts based at least in part on
the determined location identifier, wherein the program
instructions configured to determine the first probability
comprise program instructions configured to determine
the first probability for one or more contexts based at
least in part on the determined location cluster; and
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program instructions configured to determine a context of
the apparatus based at least in part on the determined first
probability.

16. The computer program product of claim 15, further

comprising:

program instructions configured to determine sensory
data; and

program instructions configured to determine a second
probability for one or more contexts based at least in part
on the sensory data; and

wherein the program instructions configured to determine
a context of the apparatus comprise program instruc-
tions configured to determine the context of the appara-
tus further based on the determined second probability.
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